Patients with moyamoya disease are known to show progressive stenosis and occlusion of the terminal portion of the bilateral internal carotid arteries and they have an abnormal vascular network in the vicinity of arterial occlusions.

In our case, acute brain swelling occurred immediately after opening of the dura mater during bypass surgery for moyamoya disease. The collateral vessels in patients with moyamoya disease appear to retain their ability to constrict during hypocapnia, but not to dilate during hypercapnia. This event may be caused by the increased cerebral blood flow in the normal area, and presumably because of the intracerebral steal phenomenon.

Case Report
===========

A 6-year-old male patient (20 kg, 112 cm) was diagnosed as having moyamoya disease according to the carotid angiography. His symptoms were headache, numbness and motor weakness of the left lower extremity. He also presented with the mild symptoms of a cold. There was no definite infarction on the brain MRI, but an occlusion of the first segment of the right middle cerebral artery (Suzuki grade III) was founded. He was scheduled to undergo encephalo-duro-arterio-synangiosis.

General anesthesia was achieved with intravenous injection of glycopyrrolate 0.1 mg, thiopental sodium 100 mg and atracurium 15 mg and it was maintained with isoflurane. Tracheal intubation was performed after the loss of the twitch response. The patient\'s lungs were mechanically ventilated with a mixture of nitrous oxide (50%) in oxygen (fresh gas flow rate = 3 L/min, tidal volume = 200 ml, frequency = 18, inspiratory:expiratory ratio = 1 : 2). The arterial blood pressure was maintained at 120-130/60-70 mmHg with monitoring the radial artery pressure. Intraoperative monitoring also included the heart rate, central venous pressure, end-tidal carbon dioxide, peak airway pressure, urine output and temperature.

The patient was in a supine position with the head rotated 80 degrees opposite to the operation site and the head was elevated 10 degrees without skeletal fixation. The PaCO~2~ level was maintained to be near 40 mmHg and the peak airway pressure was less than 20 cmH~2~O.

The brain swelling occurred when the dura mater was cut in an H-pattern, so the arachnoid membrane over the cortical sulci was dissected to drain the cerebrospinal fluid. However, the prominent brain swelling remained constant ([Fig. 1](#F1){ref-type="fig"}). Head elevation, reduction of head rotation and hyperventilation were done to reduce the brain swelling. A blood gas analysis was done, and this revealed pH of 7.43, PaCO~2~ of 32 mmHg and PaO~2~ of 281 mmHg with FiO~2~ of 0.5 and EtCO~2~ of 31. The isoflurane and nitrous oxide were discontinued and total intravenous anesthesia (propofol 1-4 µg/ml and remifentanil 1-4 ng/ml target organ concentration) was started. Then, the heart rate was 128 beats/min, the mean arterial pressure was 74 mmHg and the central venous pressure was 9 mmHg. The swelling was reduced 10 minutes after intravenously injecting 70 ml of 20% mannitol. The operation was restarted. The total operation time was 5 hours. After surgery, the CT scan revealed no intracranial hemorrhages, local cerebral edema or definite midline deviations. The patient was transferred to the intensive care unit and the lungs were mechanically ventilated. One hour later, the trachea was extubated after spontaneous neuromuscular reversal. One week later, he was discharged without any neurologic deficit.

Discussion
==========

Patients with moyamoya disease have narrowing or occlusion of the internal carotid arteries and an abnormal vascular network at the base of the brain \[[@B1],[@B2]\]. The surgical therapies consist of either direct bypass surgery or indirect bypass procedures such as encephalo-duro-arteriosynangiosis, encephalomyosynangiosis, encephalo-duro-arteriomyosynangiosis and omental transplantation \[[@B3]\].

Brain swelling is thought to be related to cerebral vasodilatation and it is a life-threatening complication in conditions associated with cerebral ischemia \[[@B4]-[@B6]\]. The general causes to be excluded are changes in fluid balance, venous stasis, the head position, inhalational agents and an increment in a level of the PaCO~2~.

In patients with moyamoya disease, the collateral vessels seem to be able to constrict during hypocapnia, but they do not dilate during hypercapnia \[[@B7]\]. It has been asserted that not only hypocapnia, but also hypercapnia decreases the local cortical blood flow as perfused by collateral vessels, and presumably because of an intracerebral steal phenomenon \[[@B8]\]. Touho \[[@B9]\] reported that acute brain swelling occurred in 4 cases of a total of 720 operations for moyamoya disease and Touho described three cases that happened just after opening the dura mater. One of the three cases showed signs of a cold, another manifested allergic rhinitis and the other experienced hyperventilation that resulted in a transient ischemic attack before the operation. The author thought an abrupt return from hypocapnia to normocapnia during the induction of general anesthesia was the cause of the acute brain swelling.

In the present case, there was no prominent increment in the blood pressure before and during the brain swelling. Although the head had been elevated, acute brain swelling occurred anyway. Therefore, it did not seem that the blood pressure and head position caused an increase in the intracranial venous pressure even if there was a possible influence of head rotation on the brain swelling. We also properly maintained the intravascular fluid balance before the event and so overhydration could be ruled out. The effects of inhalational anesthesia on the cerebral circulation in patients who are undergoing revascularization procedures for moyamoya disease were reported to be decreased regional cortical blood flow, increased jugular bulb oxygen saturation and decreased frontal regional oxygen saturation, whereas these effects did not occur with total intravenous anesthesia \[[@B10]\]. Propofol was associated with better preservation of the cerebral circulation as compared to that of isoflurane in the case of a child with moyamoya disease during a cerebral angiography procedure \[[@B11]\]. The optimal range of CO~2~ for isoflurane is more restricted than that for propofol and presumably because isoflurane induces hyperemia by itself and this hyperemia decreases the cerebral blood flow \[[@B7]\]. We changed the inhalational anesthesia to total intravenous anesthesia when the brain swelling started.

Although the exact mechanism for the occurrence of acute intraoperative brain swelling during elective neurosurgery is not known, there are treatment steps that must be taken when it happens. First, it is necessary to check the level of PaCO~2~ in an awake patient before the anesthetic induction and to adequately maintain the level of PaCO~2~ during induction of anesthesia. Second, all possible measures, including controlled hyperventilation, hemodynamic management, a suitable position of the head, administration of hypertonic solutions, dexamethasone and possibly barbiturates should be used when acute brain swelling occurs \[[@B12]\]. Finally, in the case of intractable herniation of the brain, a debulking operation such as lobectomy might be considered.

In conclusion, when acute brain swelling occurs, anesthetic as well as the intracranial causes need to be rapidly checked and ruled out as persist brain swelling can lead to irreversible neurological damage to the brain. It is also recommended that correction of hypocapnea needs to be performed gradually during the induction of anesthesia and when operating on a patient with moyamoya disease.
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